Background Length of stay after total hip arthroplasty (THA) has decreased over the last two decades. However, published studies that have examined same-day and early discharge protocols after THA have been done in highly selected patient groups operated on by senior surgeons in a nonrandomized fashion without control subjects.
emergency department or physician office); and (3) relative work effort for the surgeon's office staff. Methods A prospective, randomized study was conducted at two high-volume adult reconstruction centers between July 2014 and September 2015. Patients who were younger than 75 years of age at surgery, who could ambulate without a walker, who were not on chronic opioids, and whose body mass index was less than 40 kg/m 2 were invited to participate. All patients had a primary THA performed by the direct anterior approach with spinal anesthesia at a hospital facility. Study data were evaluated using an intention-to-treat analysis. A total of 220 patients participated, of whom 112 were randomized to the outpatient group and 108 were randomized to the inpatient group. Of the 112 patients randomized to outpatient surgery, 85 (76%) were discharged as planned. Of the remaining 27 patients, 26 were discharged after one night in the hospital and one was discharged after two nights. Of the 108 patients randomized to inpatient surgery with an overnight hospital stay, 81 (75%) were discharged as planned. Of the remaining 27 patients, 18 met the discharge criteria on the day of their surgery and elected to leave the same day, whereas nine patients stayed two or more nights. Results On the day of surgery, there was no difference in visual analog scale (VAS) pain among patients who were randomized to discharge on the same day and those who were randomized to remain in the hospital overnight (outpatient 2.8 ± 2.5, inpatient 3.3 ± 2.3, mean difference À0.5, 95% confidence interval [CI] , À1.1 to 0.1, p = 0.12). On the first day after surgery, outpatients had higher VAS pain (at home) than inpatients (3.7 ± 2.3 versus 2.8 ± 2.1, mean difference 0.9, 95% CI, 0.3-1.5, p = 0.005). With the numbers available, there was no difference in the number of reoperations, hospital readmissions without reoperation, emergency department visits without hospital readmission, or acute office visits. At 4-week followup, there was no difference in the number of phone calls and emails with the surgeon's office (outpatient: 2.4 ± 1.9, inpatient: 2.4 ± 2.2, mean difference 0, 95% CI, À0.5 to 0.6, p = 0.94). Conclusions Outpatient THA can be implemented in a defined patient population without requiring additional work for the surgeon's office. Because 24% (27 of 112) of patients planning to have outpatient surgery were not able to be discharged the same day, facilities to accommodate an overnight stay should be available. Level of Evidence Level I, therapeutic study.
Introduction
Length of stay (LOS) after THA has slowly decreased over the last two decades, mirroring trends for other procedures commonly performed in many surgical specialties. This has been driven by several factors including the development of clinical pathways that have been proven to reduce LOS after elective procedures [7, 9-12, 14, 16, 19, 20] , a focus on reduction of healthcare expenditures in the last decade, an increased awareness of complications associated with decreased mobilization, and published studies demonstrating no compromise in outcome with early ''full'' weightbearing and early mobilization in cementless THA [2, 21, 22] .
With the goal of decreasing LOS, modern surgical techniques, advances in regional anesthesia, improved postoperative pain management with multimodal and preemptive analgesia, and rapid rehabilitation protocols have allowed patients undergoing THA to be discharged from the hospital as early as the day of surgery with high patient satisfaction and infrequent complications in appropriately selected patients [1, 5, 6, 8] . However, the published studies that have examined same-day and ''early'' discharge protocols after THA are in highly selected patient groups operated on by senior surgeons in a nonrandomized fashion without control subjects [5, 8] .
The first purpose of this prospective, randomized, multicenter study was to evaluate and compare patients undergoing THA who are planned to be discharged on the same day as their surgery (''outpatient,'' less than 12-hour stay) with those who are planned to be discharged after an overnight hospital stay (''inpatient'') with regard to the following outcomes: (1) postoperative pain; (2) perioperative complications and healthcare provider visits (readmission, emergency department or physician office); and (3) relative work effort for the surgeon's office staff. A secondary purpose of this study was to determine whether there are specific patient or surgical factors that are associated with discharge on the day of THA and whether these factors can be identified preoperatively.
Patients and Methods
A prospective, randomized study was conducted at two high-volume adult reconstruction centers (Rothman Institute, Philadelphia, PA, USA; and the Anderson Clinic, Alexandria, VA, USA) between July 2014 and September 2015. Institutional review board approval was obtained at both centers before initiation of the study and the study was registered at ClinicalTrials.gov (NCT02230657).
Patients who gave informed consent were randomized in a one-to-one ratio to one of two groups. The key inclusion criteria include that the study was limited to primary unilateral THA in patients younger than 75 years of age at surgery with a body mass index (BMI) less than 40 kg/m (Table 1) . Also, patients with preoperative ambulatory status requiring use of a walker or wheelchair were excluded along with patients on chronic opioids preoperatively.
Among the 220 patients who participated in this study, 112 were randomized to the outpatient group and 108 were randomized to the inpatient group (Table 2) . Once the study protocol was explained and informed consent was obtained, patients were assigned to outpatient or inpatient surgery by opening a sealed envelope that contained the randomization group.
Outpatients were expected to be discharged from the hospital within 12 hours of the conclusion of the THA, whereas inpatients were expected to stay one night in the hospital after their surgery.
Regardless of the group they were assigned to, all patients were informed that they would need to meet the same criteria (Table 3 ) before discharge. These discharge criteria were the same at both institutions and had been in use for all patients undergoing THA before the initiation of this study. Although study patients were told when they were expected to be discharged based on their assigned group, they understood that they could voluntarily elect to be discharged whenever they met the discharge criteria if they wished to go outside the study parameters.
All patients had a primary THA performed by the direct anterior approach with spinal anesthesia using 0.5% bupivacaine at a hospital facility. With the exception of seven cases that started in the early afternoon (between noon and 1:15 pm), all procedures in this study began in the morning with the initial incision occurring before noon. The multimodal pain management regimen, perioperative medications, and postoperative management were standardized between the institutions. Preoperative medications were administered orally and included one dose of 975 mg acetaminophen, 75 mg pregabalin, and 400 mg celecoxib immediately before surgery. The postoperative pain medication protocol was comprised of several agents including tramadol, acetaminophen, hydrocodone, ketorolac, pregabalin, and Celebrex (Pfizer, New York, NY, USA) ( Table 4 ). All patients were given 24 hours of antibiotic coverage. Patients discharged the same day as their surgery received an additional IV dosage of antibiotics before discharge or three doses of 500 mg Keflex (Advancis Pharmaceutical Corporation, Germantown, MD, USA) orally every 6 hours after surgery. All drugs and devices used for this study were approved by the US Food and Drug Administration. Physical therapy was typically initiated within 1.5-3 hours of the termination of the surgical procedure depending on the restoration of motor and Patients were assessed for followup after their THA on the day of surgery, on the first day after surgery, and 4 weeks after surgery. All patients completed a visual analog scale (VAS) pain assessment (0 = no pain, 10 = worst pain) preoperatively, on the day of surgery (postoperative day [POD] 0), on the first day after surgery (POD 1), and at their 4-week followup visit. POD 0 assessment was obtained after sensory and motor neurologic recovery of the lower extremities. Patients who were discharged from the hospital on the same day as their procedure were given a POD 1 VAS pain form to complete at home. Study personnel called these patients on the day after their surgery to confirm form completion. Also, between the day of surgery and the 4-week followup visit, all office personnel were instructed to record contact with any study patient, whether it was by phone, fax, email, or other means. If the study patient was using a proxy (family member, friend, or medical professional) to call the office, this was recorded. At their 4-week followup visit, all patients were asked to complete a standardized form inquiring about any problems they had after the THA. A Harris hip score was also assessed preoperatively and at 4-week followup. Study personnel interviewed each patient to assess any complications they had after the procedure, confirming any calls to the surgeon's office, inquiring about hospital readmissions, visits to emergency departments or urgent care facilities, acute office appointments, and any other adverse events during the 4 weeks after their index THA.
Crossover Between Groups
Of the 112 patients randomized to outpatient surgery, 85 (76%) were discharged as planned (Fig. 1 ). Among the remaining 27 patients, 26 were discharged after one night and a single patient was discharged after two nights in the hospital. Among these 27 patients, the reasons for delayed discharge included dizziness/hypotension (nine), pain (six), patient preference (five), nausea (four), ambulatory dysfunction (two), and urinary retention (one). Of the 108 patients randomized to inpatient surgery with an overnight hospital stay, 81 (75%) were discharged as planned. Of the remaining 27 patients, 18 met the discharge criteria on the day of their surgery and elected to leave the same day, whereas nine patients stayed more than one night. The reasons for staying more than one night included dizziness/ hypotension (three), pain (two), weightbearing restrictions (two), and urinary retention (two). Compared with the 90 inpatients who remained in the hospital for one or more nights, the 18 patients randomized to inpatient surgery who elected to leave the same day were younger (55 ± 9 versus 61 ± 9, mean difference À6, 95% confidence interval [CI], À2 to À11, p = 0.007) and predominantly male (94% versus 46%, p \ 0.001). Compared with the 81 inpatients who were discharged after one night, the nine inpatients who remained in the hospital for more than one night tended to be older (66 ± 7 versus 61 ± 9, mean difference 6, 95% CI, À0.2 to 12, p = 0.06) and were all females (100% versus 49%, p = 0.003).
Statistical Analysis
Study data were evaluated using an intention-to-treat analysis; that is, patients randomized to the outpatient group who stayed overnight were nonetheless analyzed in the outpatient group and vice versa. Patients who were not discharged as planned were also analyzed independently.
Study data were characterized using descriptive statistics and differences among groups were evaluated using inferential statistics. Student's t-test was used to compare continuous data in two groups. A Fisher's exact test was used for two-by-two categorical variables. Pearson's chi square was used to compare groups with three or more categories. A p value of 0.05 was used as the threshold for statistical significance. All statistical analyses were performed using the Statistical Package for the Social Sciences software (SPSS, Chicago, IL, USA). Among the randomized groups, there were no differences in age, gender, BMI, preoperative diagnosis, or the presence of preoperative comorbidities ( Table 2) . Although not all patients were discharged as planned based on their preoperative randomization, none were lost to followup (Fig. 1) .
Results

Pain and Function
On the day of surgery, there was no difference in the VAS pain scores among patients who were randomized to be discharged the same day (outpatients) compared with those who were randomized to remain in the hospital overnight (inpatients) (outpatient: 2.8 ± 2.5, inpatient: 3.3 ± 2.3, mean difference À0.5, 95% CI, À1.1 to 0.1, p = 0.12). On the first day after surgery, the outpatients reported increased pain compared with the inpatients (outpatient: 3.7 ± 2.3, inpatient: 2.8 ± 2.1, mean difference 0.9, 95% CI, 0.3-1.5, p = 0.005). At 4-week followup, there was no difference in VAS pain among the groups (outpatient: 1.7 ± 1.9, inpatient: 1.7 ± 1.9, mean difference À0.1, 95% CI, À0.6 to 0.4, p = 0.77). At baseline, the groups were not different (outpatient: 4.7 ± 2.4, inpatient: 4.4 ± 2.5, mean difference 0.3, 95% CI, À0.3 to 1.0, p = 0.32).
At 4-week followup, there was no difference in Harris hip scores among the groups (outpatient: 75 ± 18, inpatient: 75 ± 14, mean difference À1, 95% CI, À5 to 4, p = 0.77). There was also no difference in preoperative Harris hip scores (outpatient: 53 ± 13, inpatient: 53 ± 14, mean difference 0, 95% CI, À4 to 4, p = 0.98).
Complications and Healthcare Provider Visits
After discharge from the hospital, two patients (one from each study group) underwent reoperations for infection and one additional patient randomized to the outpatient group sustained a periprosthetic fracture in conjunction with a motor vehicle collision that was treated with open reduction and internal fixation. With the numbers available, there was no difference in the reoperations (two outpatients versus one inpatient, p = 1.0). In addition to these reoperations, there were five other hospital readmissions, including one from the outpatient group and four from the inpatient group (p = 0.21). Two inpatients visited an emergency department but were not readmitted (p = 0.24). Two outpatients had acute office visits before their 4-week followup (p = 0.50).
Work Effort for Surgeons' Office Staff
At 4-week followup, there was no difference among the groups with regard to the mean number of contacts, including calls and emails between the office staff and the patient (outpatient: 2.4 ± 1.9, inpatient: 2.4 ± 2.2, mean difference 0, 95% CI, À0.5 to 0.6, p = 0.94).
Discussion
Outpatient and early-discharge THA is increasing in the United States because perioperative protocols including early mobilization, multimodal pain management, and regional anesthesia have improved the postoperative course considerably. Prior work that has examined outpatient discharge protocols after THA is in highly selected patient groups without control subjects [5, 8] . Also, many studies have used the term ''outpatient'' loosely and often refer to the ''23-hour stay'' patient as an ''outpatient,'' although the patient stayed overnight in the hospital. With this in mind, the purpose of this study was to evaluate and compare (1) postoperative pain; (2) perioperative complications and healthcare provider visits; and (3) work effort for the surgeon's office staff in a defined population of patients who are discharged on the same day as their surgery Enrollment Fig. 1 The CONSORT flow diagram for this study illustrates that 220 patients were randomized to outpatient or inpatient THA. The 27 patients randomized to the outpatient group who did not receive the allocated intervention include 26 who remained in the hospital for one night and one patient who remained in the hospital for two nights. The 27 patients randomized to the inpatient group who did not receive the allocated intervention include 18 who elected to be discharged on the day of their surgery and nine who remained in the hospital for two or more nights. All 220 patients had 4-week followup and no patients were excluded from our intent-to-treat analysis.
(''outpatient'') with those who are discharged after an overnight hospital stay (''inpatient''). Weaknesses of this study are that we had two different institutions with distinct differences. Although both sites are high-volume adult reconstruction centers performing more than 2000 joint arthroplasties per year, one is an academic center and the other a more community-based practice in a smaller community hospital. Other aspects that can be considered weaknesses include the fact that we did not ''force'' patients to remain in the group to which they were randomized. If they decided to go outside their randomized group, we respected their choice as their right. It was explained during the consent process that we requested patients to remain in their randomization group for the purposes of this study, but they could go outside their assigned group if required for their medical safety or personal preference. Additionally, the study is not powered appropriately to assess a true difference in complications and did not evaluate complications that may have occurred after 4-week followup. To assess a true difference in the frequency of complications and depending on what is considered a complication, it may have required up to 1000 patients, which was not feasible for two centers in the context of a prospective, randomized study design at the current time. Although the inclusion and exclusion criteria are defined (Table 1) , other limitations of the study include the fact that our enrollment criteria excluded patients aged 75 years or older with a BMI of 40 kg/m 2 or greater who were walker/wheelchair-dependent or chronic opioid users. Depending on practice patterns, this may or may not be a large portion of a surgeon's practice.
As would be expected in a randomized study, preoperative VAS pain scores were not different between the two groups. On the day of surgery, there was no difference in the VAS pain scores between outpatients and inpatients. However, on the day after surgery, the outpatients had higher VAS pain scores than those patients who stayed in the hospital overnight. The difference may not be clinically important, but it may point to a need for improved counseling on pain management at home (when to take medications, which medications to take). Additionally, the difference may reflect an increased amount of pain when patients go home and have potentially increased activity as compared with an overnight stay in a hospital bed. Several investigators [1] [2] [3] [4] [5] 8] have written about pathways for the success of early-discharge THA and TKA and more recently [5, 8] have published on prospective evaluations of patients undergoing outpatient THA. Adult reconstructive surgeons nationally have adopted clinical pathways similar to those published by this group for inpatient THA as an evolution of the management of these patients undergoing elective surgery. Overall, pain was not a substantial problem with regard to discharge on the day of surgery or after an overnight stay and this may be related to the pain protocols used at both institutions including preemptive analgesia, spinal anesthesia, and postoperative multimodal pain management. This is in line with contemporary studies demonstrating well-controlled pain with these protocols in place [13, 15, 17, 18] .
One of the most important concerns with outpatient surgery has been the potential for increased complications, including readmissions to the hospital and visits to physician providers and emergency departments. Although this study was not powered to assess a difference in complication rates, there was no evidence suggesting differences in readmissions, visits to emergency departments, or acute office appointments during the 4 weeks after surgery. When considered in more depth, this is not surprising, because we did not compare outpatient surgery with a prolonged hospital stay. At both institutions, an outpatient discharge or an overnight stay in the hospital was the normal protocol before the study. Thus, when comparing a same-day discharge with a discharge after an overnight stay, there is in actuality not a large difference in the number of hours of hospitalization, and so it may not be surprising that there was no discernible difference in complications. Three prior studies [2, 5, 8] have affirmed the safety of outpatient THA; however, all of these studies were among nonrandomized, highly selected patient populations with no control group.
Furthermore, there was no difference in ''work'' for the surgeon's office with regard to patient followup and phone calls. Based on the results of this study, outpatient THA can be done with little impact to the surgeon's practice if it is implemented systematically and in partnership with the facility where the surgery is performed. This may be in contrast to anecdotal reports that outpatient joint replacement results in a deluge of phone calls from patients. However, we believe this was not the case in our study because the only difference between the two groups was an overnight stay. Our institutional education and protocols have accommodated a large percentage of patients leaving the hospital after one night for years and more recently leaving on the same day. For this reason, the preoperative patient education and counseling may have accounted for the lack of difference in ''work'' between the two groups for our clinical offices.
The results demonstrated that 24% (27 of 112) of patients crossed over from the outpatient group to the inpatient group, and 17% (18 of 108) of patients crossed over from the inpatient group to the outpatient group. This illustrates that in a defined group of patients scheduled for outpatient THA at adult reconstruction centers, greater than 75% of patients may actually leave on the day of surgery, passing all of the standardized discharge criteria (Table 3) . When evaluating the reasons for delayed discharge among the patients randomized to the outpatient group, some of the more common causes were nausea and dizziness-associated hypotension. This may point to a need for even more aggressive control of anesthesia-related side effects and more aggressive fluid resuscitation. Because all patients received neuraxial (spinal) anesthesia, there also may be a need for shorter acting agents that produce a less prolonged hypotensive effect. No patient or surgical factors were found to be associated with crossover from outpatient to inpatient. There were approximately 8% of patients (nine of 108) who were randomized to the inpatient overnight stay but stayed multiple nights. Compared with the patients randomized to inpatient surgery who were discharged after one night, these patients were all women (100% versus 49%) and tended to be older (66 versus 61 years). Whether women are more susceptible to nausea/ hypotension in conjunction with blood loss and anesthesiarelated side effects or if this is a motivation or apprehension phenomenon cannot be determined from our study. Previous studies evaluating early discharge after THA [5, 8] have not specifically noted any difficulty with early discharge in older women. Those investigators who have published on outpatient THA have reported substantially contrasting success rates with regard to same-day discharge, from 36% to 100% [5, 8] . In one study [8] only 36% of eligible patients actually wanted to leave on the day of surgery, and only 77% of those patients were able to. They do report that of the 23% who wanted to be discharged home but were unable, nausea/hypotension was the predominant factor limiting discharge. In another report, Berger and colleagues [5] stated that of 150 patients enrolled for same-day discharge, all 150 patients were able to leave on the day of surgery. In their study, 38 (25%) patients required additional treatment secondary to nausea and/or hypotension, which had some effect on delaying discharge until later in the day. However, both of these studies are in line with our results in which approximately one-fourth of patients demonstrated some difficulty with early discharge, predominantly as a result of nausea/ hypotension.
Using a multicenter, prospective, randomized design, the current study demonstrates that outpatient THA can be successful in a defined patient population but patient expectations must be appropriately established. Using criteria similar to those established in this study (age \ 75 years, BMI \ 40 kg/m 2 , opioid-naïve, and not requiring a walker or wheelchair) may facilitate outpatient discharge. However, postoperative pain management counseling and appropriate medication are critical to address outpatient pain control while at home on the first day after surgery. For arthroplasty programs where LOS has decreased to an overnight stay and preoperative education and counseling is available for patients, implementation of an outpatient arthroplasty program will not result in a substantial increase in patient-generated phone calls or visits for the office or surgeon. However, we recommend that facilities to accommodate an overnight stay should be available because 24% of patients planning to have outpatient surgery were not able to be discharged the same day. For institutions with the resources and expertise, we feel that outpatient THA is the next step in a national movement toward more streamlined inpatient services for elective joint arthroplasty.
